Background Previous case-control studies of neonatal tetanus (NNT), a leading cause of infant mortality in developing countries, have suggested that antimicrobials applied after delivery to the umbilical cord stump may protect against this disease. However, assessment of their protective effect has been limited by the low prevalence of antimicrobial use in developing countries.
Methods
We conducted a population-based, matched, case-control study to assess the use of antimicrobials and other factors potentially related to NNT in rural parts of Bangladesh. We studied 359 cases (infants who were normal at birth but who died between the 3rd and 30th day of life after an illness characterized by signs of NNT), each matched to three living controls for gender, residence, and date of birth.
Results
In univariate analyses, the application of either antibiotics or disinfectants at delivery, and the continuous or any application of disinfectants were protective against NNT. The application of antibiotics at delivery (odds ratio [OR] = 0.21, P = 0.019), hand washing by the delivery attendant (OR = 0.64, P = 0.005), and prior maternal immunization with tetanus toxoid (OR = 0.50, P < 0.001) remained protective in conditional logistic-regression analyses. Application of animal dung to the umbilical stump (OR = 2.31, P = 0.047) was hazardous. Conclusions Effective and inexpensive topical antimicrobials provide a new prevention opportunity that could be used by traditional birth attendants and mothers to provide additional benefits to NNT control programmes based on maternal immunization with tetanus toxoid. Promotion of hygienic delivery and cord-care practices and increasing tetanus toxoid coverage remain cornerstones for the prevention of NNT deaths. Keywords Neonatal, tetanus, topical, antimicrobials, prevention, case-control Accepted 13 January 1998
Neonatal tetanus (NNT), an acute spastic illness with muscle rigidity induced by the exotoxin of Clostridium tetani, is a leading cause of infant mortality in many developing countries where prenatal care is limited and immunization against tetanus is inadequate. In the last 5 years, the global mortality from NNT has declined considerably because of immunization of women of childbearing age with tetanus toxoid (TT). 1 However, only 46% of pregnant women had been successfully immunized with TT by 1994, 2 and approximately 500 000 NNT deaths still occur annually in the developing world. While efforts to improve the delivery of TT must continue, innovative strategies are needed to prevent tetanus deaths among newborn infants delivered to mothers who are not protected by TT immunization.
In the late 1980s, the Task Force for Child Survival and Development and Global 2000, Inc., The Carter Center in Atlanta, in collaboration with the Ministry of Health and Family Planning in Bangladesh, conducted a national study to delineate risky delivery and cord-care practices that could be modified to TOPICAL ANTIMICROBIALS AND NEONATAL TETANUS 905 reduce the risk of NNT. The preliminary findings of this study indicated that the indigenously manufactured TT was subpotent and that many cases of NNT were reported among children whose mothers had been appropriately immunized. 3 These unfortunate circumstances prompted us to examine whether topical antimicrobials applied to the umbilical cord stump, reported to be protective against NNT in earlier studies, 4 ' 5 were effective in this setting, and could be used to provide additional benefits to NNT control programmes based on maternal immunization with TT.
Methods

Study design
Bangladesh is divided into four administrative divisions of approximately equal populations: Rajshahi, Chittagong, Khulna, and Dhaka. Each division was sampled separately, according to World Health Organization guidelines. 6 Thirty rural unions (average population, approximately 20 000) were systematically selected from each division by using a random start and a sampling interval equal to the cumulative 1981 census population divided by 30, making the probability of selection proportionate to population size.
Each union is divided into three wards of approximately equal populations, and each ward is divided into a variable number of mauzas. The starting point for the survey in each selected union was the first household encountered in a randomly selected mauza. The survey then proceeded from house to house within the same ward until a target of 67 mothers of eligible infants were interviewed. An eligible infant was one who was born alive during the year ending one month before each survey. The survey continued then from the nearest house in the next nearest ward and so on until all three wards were surveyed, for a total target of 201 interviews in each selected union, and a combined total target of 24 120 interviews nationwide. Interviews were conducted by 10 teams of six female interviewers using a standardized questionnaire. All four division surveys were completed sequentially in the order given above, between May 1989 and July 1990. Each survey was completed within a period of 4-6 weeks.
Case definition
A case was an eligible infant who was normal at birth but who died between the 3rd and 30th day of life after onset of an illness characterized by generalized spasms and at least three of the following four signs: trouble opening mouth, cessation of suckling, clenched hands, and boardlike rigidity. Infants who received medical care and were diagnosed with an illness other than NNT (as reported by the mother) were excluded as cases.
Selection of controls
For each NNT case identified, three living infants matched for gender, residence, and date of birth were selected as controls. The rationale for matching on these variables has been reported previously. 3 Mothers' vaccination status was disregarded in selection of controls. This practice differed from that used in control selection in previous studies 4 ' 5 ' 7 conducted in Pakistan and allowed us to use the case-control study to assess the protection afforded by maternal immunization with TT.
Statistical analysis
Data were entered into an Epi Info, Version 5, 8 . data file and subsequently exported into EGRET format for analyses. All exposures were created into dichotomous variables. 'Initial' applications were defined as substances applied to the umbilical cord after it was cut during delivery while 'subsequent' applications were defined as post-delivery applications. 'Continuous' application was defined as both initial and subsequent application of substances to the umbilical stump. 'Any' application was defined as either initial or subsequent application of substances to the umbilical stump.
Univariate and multivariate analyses were performed by conditional logistic regression models, using the analysis module in EGRET. All variables that were significant in univariate analyses at the a = 0.15 level were included in logistic regression analyses, which was performed by fitting a series of hierarchical models. Interaction among variables was examined by evaluating the P-value for main and product terms as well as significant differences in likelihood ratio statistics between interactive and non-interactive models. Multi-collinearity among covariables was examined by modelling and correlation procedures. To assess their protective effect against NNT, antimicrobial use variables were included in separate multivariate models along with other variables that were significantly associated with NNT.
Results
Information was collected on 1436 live-born infants, consisting of 359 NNT cases and 1077 matched controls in a 1:3 match. Of the 359 NNT cases, 56% (n = 202) were male and 44% (n = 157) were female. Generalized spasms of the body (99%) and clenched fists (96%) were the most common signs of illness among cases. The mean age at onset of NNT was 6.8 days; the median age was 5 days. The mean duration of illness among these fatal NNT cases was 4.1 days; the median was 3 days. The mean age of delivering mothers was 26 years and did not differ significantly for mothers of cases and controls. Among mothers who had prior live births (n = 454), NNT was more common in a prior live birth of case mothers compared with controls (66.1% for cases versus 26.1% for controls, odds ratio [OR] = 4.59, 95% confidence intervals [CI] : 2.99-7.05). Pilot studies indicated that boys were rarely circumcized in the neonatal period, and information on this practice was not subsequently collected. Ghee was not applied to the umbilical cord either at or after delivery among both cases and controls.
Delivery by an academically trained attendant (doctors, nurses, or lady health visitors), hand washing by the delivery attendant, cleaning the mother's perineum before delivery, use of a safedelivery kit, use of a new razor to sever the umbilical cord, cleaning both the cord-cutting tool and the thread used to tie the umbilical cord stump after delivery by either physical (boiling or washing with water) or chemical (application of antibiotics or disinfectants) methods, and maternal immunization with TT were protective against NNT ( Table 1) . Application of cow dung or cow dung ash (dirty umbilical cord) and saliva to the umbilical cord at delivery was hazardous.
The initial application of any antimicrobial (antibiotic or disinfectant) substance, and the continuous or any use of disinfectants were protective in matched univariate analysis ( were also protective. Although OR were less than one, neither the subsequent application alone of any antimicrobial, nor the continuous or any use of antibiotics was significantly protective. After adjustment for several established risk factors for NNT, only the application of antibiotics on the umbilical stump at delivery remained significantly protective. In addition, hand washing by the delivery attendant and prior immunization with TT were protective in multivariate analyses (Table 3) , whereas the application of cow dung or ashes to the umbilical cord was hazardous. No significant interactions were found among the variables included in the models.
Discussion
The findings of this study, the largest reported case-control study of NNT, indicate that antimicrobials applied to the umbilical cord are protective against tetanus after adjusting for most known risk factors for this disease. Although the initial, subsequent, or continuous application of any antimicrobial substance showed a trend towards protection in univariate analyses, only the initial application of antibiotics remained significantly protective in multivariate analyses.
Our findings confirm and extend the findings from previous studies 4 ' 5 in Pakistan that examined the association between antimicrobials and NNT. In a hospital-based study, 4 the application of antibiotics after delivery was protective; however, hand washing by the delivery attendant and use of a dirty cordcutting tool, were not included in multivariate analyses. In a community-based study, 5 although the application of neither antibiotics nor disinfectants was independently protective against NNT, the continuous application of antimicrobials (a composite variable signifying the use of either antibiotics or disinfectants) was protective. Both studies restricted the selection of controls to infants born to non-immunized mothers; hence, the effectiveness of antimicrobials was evaluated in the absence of passive immunity transferred from mother to child.
As in earlier studies, 4 ' 5 we found that many types of antimicrobials, including neomycin, bacitracin, povidone-iodine, 'Dettol' (a chlorxylenol derivative), alcohol, and gentian violet were applied to the umbilical cord. None of the antimicrobial substances was applied frequently enough to permit a reliable estimation of their individual protective effect. The decision to choose a particular substance will likely be based on its cost and effectiveness; however, safety is an additional concern, particularly in light of reports 1 ' of sensitization to many topical antimicrobial substances. Furthermore, several studies have suggested that the topical application of iodine containing compounds may induce transient hypothyroidism of unknown clinical significance in some neonates, particularly those who are premature or of very low birthweight.
12 " 14 Additional data are needed to determine whether short-term use in healthy neonates of iodine-containing topical antimicrobials is associated with clinically significant alterations in thyroid function. Meanwhile, we recommend cautious use of these compounds in healthy newborns in NNT endemic areas, with once daily application for no more than 3 days.
The timing and frequency of application of antimicrobial substances needed to achieve maximum protection remain unclear. Other researchers have documented protection from subsequent and continuous application of antimicrobials, 4 ' 5 whereas our findings indicate that the initial application of antibiotics to the umbilical cord was protective against NNT. Similar to previous studies, we documented a trend towards protection from both initial and subsequent use of antimicrobials. We hypothesize that continuous use of antimicrobials is likely to have the maximum protective effect by preventing both the risk of infection from contamination of the umbilical stump at delivery and after delivery with substances such as cow dung, ashes, or environmental spores. Based on previous observations of 'bundling' (a practice of wrapping the newborn infant in sheepskin contaminated with dried cow dung), 15 it appears that the risk may be mainly limited to contamination during the first 3 days of life. Further studies are needed to evaluate whether subsequent application of antimicrobials confers protection beyond that obtained by applying a dean dressing at delivery and leaving it undisturbed until cord separation.
Reduction of neonatal morbidity and mortality from umbilical sepsis, a major cause of infant death in developing countries, is another potential benefit from routine application of antimicrobials after delivery. In a drug trial of 402 infants in the UK, 16 hospitalized infants who were given 'tribiotic' spray-a combination of neomycin, polymyxin, and bacitracin-either once at birth or at birth and daily until discharge or stump separation had a reduced risk of umbilical sepsis compared with control infants. In an intervention trial in Papua New Guinea, 17 cutting of the umbilical cord with a new razor and the application of acriflavine to the umbilical stump for 3 days after delivery was found to significantly reduce the incidence of umbilical sepsis in the intervention group.
Several sources of bias in this study might obscure the association between antimicrobials and NNT. In most instances in which antimicrobial application was reported, the identity of the substance was unknown, and it is possible that some antimicrobials applied could have been of suboptimal potency or even ineffective against C. tetani. In addition, it was impossible to determine whether mothers who reported application of antimicrobials had applied it appropriately. Finally, without information on the frequency and number of days after delivery for which antimicrobials were applied, the assessment of 'subsequent' antimicrobial use is particularly difficult and unreliable, since it may indicate either a single application subsequent to the day of delivery or multiple applications each day after delivery.
Prevention of NNT deaths remains a challenge in spite of the availability of a highly effective vaccine and aggressive intervention efforts to train traditional birth attendants and mothen regarding hygienic delivery and cord-care practices. The findings of this study strongly suggest that topical antimicrobials applied to the umbilical cord could provide additional benefits to NNT control programmes based on maternal immunization with TT. Unfortunately, global strategies for eliminating neonatal tetanus do not recommend using antimicrobials on the umbilical wound, 18 a serious omission of a strategy that accumulating evidence suggests could importantly enhance programme effectiveness. Topical agents are relatively inexpensive and are simple to use, making them ideal for use by traditional birth attendants, who conduct a majority of deliveries in developing countries. Several issues concerning optimal use of these substances, including the choice of a particular agent, riming and frequency of application, and its potential adverse effects, remain unresolved. However, the ability to address these issues in an observational study or a randomized controlled trial is limited by the availability and widespread use of a highly effective vaccine in a population with high TT coverage.
We recommend that an effective topical antimicrobial agent should be routinely applied to the umbilical cord stump at every delivery and for the first several days of life in neonates who have not been provided with a sterile dressing at delivery or with dressings that have been subsequently disturbed. These practices may significantly reduce the incidence of NNT among newborn infants and are likely to provide additional protection from umbilical sepsis and associated neonatal septicaemia.
